This paper presents empirical results of a corpus-based study attempting to characterize linguistic features of spontaneous Mandarin, which has been difticult to obtain before due to the lack of suitable speech material. Starting from linguistic considerations, these results of word frequency as well as syllable frequency should provide important cues to spontaneous speech production. Frequent words or syllables need special investigations into their phonetic forms in real production. Examinations of syllable structures also show that the distribution of onset consonant, nucleus and coda consonant in syllables which are often used in spontaneous Mandarin is similar across different speakers. And results of a segmental analysis also clearly indicate the likelihood of a segment being produced in spoken Mandarin.
INTRODUCTION
Conventionally, linguistic studies mainly rely on field works to document the use of languages often with a research focus on pronunciation, lexicon and sentence grammar. With the database construction methodology developed in corpus linguistics, new approaches to analyzing spoken language have become possible recently.
It has an essential influence on spontaneous speech studies, because due to limitations of data size and database management it has been difticult to investigate and model spontaneous speech using the traditional research methods. This paper uses a corpus of spontaneous data to examine Mandarin, which is spoken in Taiwan. What we report in this paper is a new attempt to obtain linguistic characteristic of spontaneous Mandarin. The results are primitive, but with a great potential to be developed into a deep and systematic understanding o f spoken language production. Frequency of actively used words and syllables in spoken language provides useful cues to a correct lexical selection, when the available acoustic information is not clear enough to select words in the lexicon. A lexicon for speech recognition systems, probably similar to the mental lexicon of a speaker, needs to store different phonetic forms o f words for instance reduction, assimilation and contraction [4] . It is not realistic to consider all phonetic variations of all words listed in a standard dictionary, so frequent words are no doubt the most important ones we need to take into account first. Word and syllable frequency as well as segmental analysis can be of great use and this information can be systematically obtained by using spoken corpora. In addition, for notation used in this paper, lexical tones in Taiwan Mandarin have four marked realizations: ( I ) high level tone, (2) rising tone, (3) contour tone and (4) falling tone and the unmarked neutral tone (5). Different Chinese dialects have different numbers of lexical tones associated with different melodic values [2] . Throughout this paper, we use Pinyin to transcribe Mandarin words.
DATA AND GENERAL STATISTICS
Mandarin Conversational Dialogue Corpus (MCDC) was collected at the Institute of Linguistics, Academia Sinica from 2000 to 2001 [3] . It consists of eight transcribed conversations between strangers. The recorded speech data has a total length of approximately eight hours (the corpus will soon be released for public use). Because no blanks are available in the writing system of Mandarin to separate individual words, we have to segment the transcripts into words first. In order to ensure that the segmentation results are consistent, the automatic word segmentation and tagging system developed by the Chinese Knowledge Information Processing Group at Academia Sinica [I) is adopted to automatically segment word boundaries and syntactically tag the segmented words. General statistics are listed in Table 1 . All sixteen speakers (nine female and seven male) produced 117,215 syllable tokens in total which correspond to 81,053 segmented words. The average number of syllables per word is 1.45. This implies that modem Taiwan Mandarin is not a monosyllabic language, because a large number of polysyllabic words are actively used in spontaneous conversation. With regard to the vocabulary, a language in principle consists of a core lexicon which may most possibly be highly frequent function words and a peripheral, domain-specific set of words. Our data shows that the word token coverage of 40% is achieved by cumulating occurrences of the first thirty most frequent words. Furthermore, 50%, 60%, 70%, 80% and 90% of the produced word tokens are covered by token occurrences ofthe first 54, 106, 238, 581 and 1651 most frequent words, respectively. That is, if we can manage to understand the phonetic variations of the first fifty most frequent word occurrences and their acoustic correlates, the automatic speech recognizer built with this understanding will be able to recognize at least the half of the word tokens in conversation. Table 2 illustrates statistically that the majority of word tokens often used by Mandarin native speakers are monoand disyllabic words irrespective of content or function words. Monosyllabic words make up 3 1.4% of the overall word types (averaged for all sixteen speakers), and with respect to word tokens, it is 56.4%. Disyllabic words, in contrast, make up 57.8% of the overall word types, but only 38 9% of the overall word tokens. This means, monoand disyllabic words form the most substantial part of the core vocabulary used in the overall data. And the difference between mono-and disyllabic words is that high-frequency words tend to be monosyllabic words rather than disyllabic words. But around 60% of distinctive word types are disyllabic. This also provides a clear piece of evidence that modern Mandarin contains a great number of polysyllabic words, especially disyllabic words, and is not a monosyllabic language any more.
POS AND SYLLABLE FREQUENCY

Word and SyUabIe Frequency
The first fifty most frequently used words in the MCDC are listed in Table 3 with their percentage; detailed definitions of the part of speech tags cf. [I 1. In Table 3 , only sixteen frequent words are disyllabic, the others are monosyllabic. This once again proves our hypothesis that frequent words are more likely to be monosyllabic. These can be grammatical panicles such as de5 (structure particle), ge5 (classifier), le5 (aspect particle) etc., personal pronouns (w03, ni3, tal) and frequent verbs such as shi4 (to be) and you3 (to have), shuol (to say).
Disyllabic, frequent words are mostly frequent conjunctions such as jiu4shi4 (that is), ran2hou4 (then), suo3yi3 (so), ke3shi4 (but) etc. The first fifty most frequent word types make up 36.43% of all word tokens produced in the corpus. Varieties of these words in different sentential contexts (initial, medial or final) and their full and reduced forms (phonetic) need to be further investigated. Table 3 and 4, our observation is that frequent syllables are in principle frequent words. "Shi" for instance is the most frequently produced syllable in the whole corpus, with 6305 tokens, and is at the same time the third most frequently produced word shi4 (to be), with 2648 tokens. That is, in addition to shi4 (to be), 3657 word tokens have or contain the syllable "shi", for instance ke3shi4 (but, 463 occurrences) and qi2shi2 (in fact, 431 occurrence). Thus, it is important to model this specific syllable in different word contexts to be able to detect with which frequent word it is associated for a speech recognition system. Differently, "WO" is the second most frequent syllable with 4148 syllable tokens, but w03 (I) has already 3225 word tokens and w o k " 900 occurrences. This means that merely twelve "WO" syllable tokens are other words or part of other words. When a speech recognition system detects a syllable "WO", it is most likely to be the word wo3 or its plural form wo3men5. A interim conclusion is, word and syllable frequency needs to be considered in parallel, i.e. their relationship. to achieve an optimal modelling strategy for a speech recognition system, for instance for "shi" and "WO", different models should be constructed.
SPEECH SOUNDS OF MANDARIN
Given a language, different linguists may set up different systems of speech sounds by applying criteria of minimizing phonemic contrast. Our principle is to use the smallest number of symbols in our system. Thus, we have twenty two consonants and twenty five distinctive vowels and vowel combinations (including diphthongs Here we see a clear tendency that spontaneous Mandarin production prefers front vowels than back vowels. And rounded vowels are rarely used in spoken Mandarin.
DISCUSSION AND CONCLUSION
This paper describes corpus-based results with respect to segmental and lexical features of speech production in spontaneous form. This shows how corpus data can bring new insights into linguistic studies and engineering systems. Pronunciation variations in spontaneous speech, development of a core vocabulary for spoken language and lexical and syntactic particularities of spontaneous speech are research areas to which corpus linguistics can have tremendous contributions. In addition, we are currently using our corpus data to investigate the following phonological issues. Due to reduction of retroflex, the
